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(57) Abstract 



A process for producing polyisobutene which has at least 70% of its unsaturation in the teraiinal position. The pro- 
cess uses a complex of boron trifluoride and alcohol as catalyst and a contact time of at least 8 minutes. The feature of the 
process is its ability to use longer contact times than used hitherto thereby facilitating ite coinmercial operauon and im- 
proving the control of such an operation. The high terminal unsaturation improves the reactivity of the polymer. 
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CATIOMIC POL^ HTSATIOM OF 1-OLEPIHS 

The present Invention relates to a process for the catlonic 
polymerisation of l-oleflos, and In particular to producing 
polylsobutenes which have a relatively high degree of terminal 
unsaturat ion • 

5 isobutene is a typical example of a l-olef in. Methods of 

polymerising l-oleflns; e.g. Isobutenes Whether jpure or In an 
isomeric mixture as In a C4 rsf f Inate, using a Prledel-Crafts type 
catalyst are well-known. Typical of such catalysts are the halldes 
of aluminium. Iron, zinc, titanium, tin. mercury and boron. These 

10 catalysts have also been used In conjunction with small amounts of 
co-catalysts such as water, alcohol, sulphur dioxide, carboxyllc 
adds, mineral acids, ethers and alkyl halldes to enhance catalyst 
activity. The reaction has been carried out In the liquid or 
gaseous phases, batchwlse or continuously, at temperatures ranging 

15 from -rlOO" to ♦lOO'C. 

It is also known that the polymerisation of l-olefins e.g. 
isobutene using a Frledel-Craf ts type catalyst is a catlonic process 
which proceeds through formation of intermediate carbonlum ions. 

The product of this reaction is generally a mixture of polymers 

20 which have the unsaturated Uokage in the terminal or internal 
position within the polymer. Conventional catlonic processes 
generally yield a polymer with a relatively high proportion of 
internal unsaturation compared with polymers having terminal 
unsaturation. This is due to the "in situ" Isomerlsatlon of the 

25 unsaturated linkage to an internal position and is inherent in most 
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catlonltf polymerisation procesaes. Internal unsaturatlon In olefin 
polynera is believed to be less desirable than terminal nnsataration 
because of the relatively loiter chemical reactivity of internally 
unsaturated polymers iihen compared with terminally unsaturated 
polymers. This is especially true of the reactivity towards 
compounds such as maleic anhydride ^ch forms an adduct with 
polylsobutene called polyisobutenyl succinic anhydride (PIBSA). 
These adducts are most valuable products and form the basis of the 
lubricating oil additives industry* 

Of the cationlc polymerisation catalysts used hitherto those 
containing boron trlf luoride are known for their tendency to 
Isomerlse the unsaturatlon in the polymer product to an unreactive 
Internal position. For Instance, Puskas, I. et al in Journal of 
Polymer Science, Symposium No. 56. pp 191-202 (1976) have reviewed 
15 the relative effects of catalysts such as boron trif luoride and 
complexes thereof with cocatalysts such as acetic acid and water. 
In this article, the authors indicate that up to 40X vlnylidene 
(i.e. terminal) unsaturatlon can be obtained with a contact time of 
5-7 minutes. They conclude however that the longer the contact 
20 time the greater Is the tendency for the vltqrlldene unsaturatlon in 
the polymer to be Isomerised to an unreactive internal position. 

This view also appears to be confirmed indirectly In an article 
by MulUn, M.A, et al in Khim 1 Tekhnol. Topliv 1 Masel, vol 10, 
pp 23-26 (October 1965) in which a complex of boron trif luoride with 
25 methanol or a mixture of methanol and ethanol is disclosed as a 

catalyst for polymerising isobutene. This article discloses a very 
short contact time of 30-40 seconds which is indicative of the care 
necessary when using this catalyst. 

The crltlcallty of a short contact time in relation to the use 
30 of boron trlfluorlde catalyst for polymerising isobutene is also 
en^hasised In GB 1592016 and EP-A-16312. The latter publication 
advocates vigorous control of contact time and catalyst 
concentration and stresses the need to have a contact time of below 
40 seconds to avoid Isomerisation of the double bonds. 
35 It has now been found that a product predominating in terminal 
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unsattttatloa can b« foraad by ualng specific reaction conditions. 

Accordingly, the present Invention is a Uquid phase process 
for the cationic polymerisation of a feedstock comprising l-olefins 
m the presence of a boron trifluoride catalyst at a tapperatura 
between -100 and +50»C characterised in that the catalyst is a 
preformed complex of boron trifluoride and an alcohol and the 
contact time of the polymerisation reaction is at least 8 minutes 
such that at least 70X of the unsaturated Unkagea in the polymer 
product are in the terminal position. 

The term 'polymerisation' as used herein is intended to cover 
oligomerisation and the process is particularly suited to the 
production o£ oligomers such as dimers and trimers. and low 
molecular weight polymers of l-olefins wherein the number average 
aolecular weight (Mn) of the polymer may be from 100 to 15.000. 

The hydrocarbon feedstock may be pure l-olefin or a mixed feed 
containing the 1-olefln. l-olefin feedstock containing 4 to 
16 carbon atoms Is preferred. If a pure olefin Is used, which Is 
gaseous under ambient conditions. It Is necessary either to control 
the reaction pressure or to dissolve the olefin In a solvent medium 
inert under the reaction conditions In order to maintain the olefin 
m the liquid phase. In the case of Isobutene. which Is typical of 
l-olaflns, the feedstodc used In the polymerisation process may be 
pure isobutene or a mixed C4 hydrocarbon feedstock such as that 
resulting from the thermal or catalytic cracking operation 
conventionally known as a butadiene raf finate. This is a liquid 
when under pressure and hence no diluent is needed. The feedstock 
used may suitably contain between 10 and lOOZ by weight of 
isobutene. It is preferable to use e feedstock containing at least 
15X by weight of Isobutene and most preferably at least 40X by 
weight of isobutene. The hydrocarbon feedstock used may contain in 
addition to isobutene between 10 and 20X by weight of butanes and/or 
between 20 and 40X by weight of normal butanes without adverse 
affect on the po^leobutene product. 

The catalyst Is a preformed complex of boron trifluoride and an 
35 alcohol. The alcohol suitably contains 1-8 carbon atoms preferably 
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1-4 carbons atoas. Spadflc exanples of such alcohols Include 
metbanol. ethanol. the propanols and the hatanols. Of these, a 
complex hetseen boron trlflnorlde and ethanol la moat preferred. 

In the complexes the molar ratio of boron trlfluorlde to the 
alcohol is suitably from 0.5:1 to 5:1, preferably from 0.5tl to 2:1 
and most preferably from 0.5:1 to 1:1. 

Catalyst complexes with alcohols used In the present Invention 
may be preformed by conventional techniques. For instance to 
produce a complex of boron trlfluoride and ethanol, the boron 
triflttoride is dissolved in an equimolar proportion of industrial 
ethanol. The complex so formed is then diluted with a solvent inert 
under the reaction conditions, e.g. dichloromethane. The solution of 
the coB^lex so produced is used as the catalyst for the 
polymerisation reaction. 
15 The polymerisation reaction is carried out in the liquid 

phase. The preformed catalyst complex is suitably Introduced into 
the polymerisation reactor as a solution thereof in a solvent which 
is inert under the reaction conditions. The use of a solvent for 
the catalyst complex is only necessary to ensure a more effective 
20 control of the concentration of the catalyst. However, It is 
possible to use the neat complex of boron trlfluoride as such. 
Exaiq>les of suitable solvents include primary and secondary alkyl 
halides and aUphatic, aUcyclic and cydoallphatic hydrocarbons. 
Dichloromethane is a typical example of the solvent. 
25 One of the surprising features of the present invention is that 

in spite of using boron trlfluoride as a catalyst component, contact 
times above 1 minute can be used without risk of any substantial 
Isomerlsatlon of the double bonds In the product, ly using a 
preformed eoovlex of boron trlfluoride, contact times in the range 
30 8-70 minutes, preferably 12-20 minutes, can be used without 

adversely affecting the terminal unsaturation In the polymer. This 
Is a significant feature because It enables more effective control 
of the reaction parameters and the concentration of the reaetants 
used. 

35 The polymerisation reaction la suitably carried out at a 
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temperature between -50 and +45«C. ptafarably bawean -15 and 40*C. 
The reaction may ba carrlad out at a praaanra In the range of 0.4 to 
4 bar absolute. The process of the present Invention is 
particularly suitable for producing polyisobutenes having a 

5 molecular weight of between 500 and 5000. even more preferably those 
having a molecular weight of between 750 and 2500. The 
significantly high proportion of terminal unsaturation in the 
polymers so produced are particularly aulted for producing adducts 
with maleic anhydride which are eventually converted to the imldes 

10 by reaction with appropriate amines for use as additives to 

lubricating oils. 

The process of the present invention may be operated batchwise 

or continuously. 

The present invention is further illustrated with reference to 

15 the following Examples. 
■ Example 1 
Feedstock Composition 

Component ^ 
20 Isobutane 3*0 

n-Butane I 1 '0 

Butene-1 27.9 

Isobutene 38.0 

cis-Butene-2 11«6 
25 trans-Butene-'2 8.5 

Initiator 

III molar boron trifluoride t ethanol complex was prepared by 
dissolution of boron trifluoride in ethanol containing O.U water. 
Thia initiator was then used diluted in dichloromethane. 
30 Polymerisation Conditions 

Continuous feedstock addition rate s l.l Kg/hour 
Continuous initiator addition rate : 0.0l9g mole/Kg feedstock 
Beaction pressure « ^50 mm Hg 

Reaction residence time » 1* minutes 

35 Beaction temperature * "'5**' 
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Reaetloa poison « .cetonitrlle over 

stoichiometric equivalence 

of BF3 

Monomer Conversion X isobotene « 87 
5 In a continuous process using the feedstodt rafflnate shorn 

above the catalyst complex solution «as metered Into the reactor 
under the conditions shown above. After the contact time of 
16 minutes the polymerisation reaction «as terminated W vaing an 
excess of IX v/v acetonitrlle In heptane which was continuously 
10 added to the product collection vessels. The monomer conversion was 
determined on-line gas chromatography. 

The catalyst complex was removed from the polymer/heptane 
solution by an initial aqueous aannonla wash followed by two water 
washes. The separated heptane solution was filtered and vacuum 
15 distilled. 

Polymer Yield 

Polymer yield corresponded to 1 tonne per 54 g mole of 
preformed boron trifluorlde-ethanol complex. The total yield was 
separated Into two fractions by vacuum distillation at 200-C/2mm Hg 
20 to give 95X yield of relatively high molecular weight fraction with 
the remainder comprising predominantly dlmer-hexamer oligomer 
fraction. 

Polymer Properties 

The product, after removal of light polymer fraction, had a 
25 viscosity of 1041 SSU at 98.9»C (BS188:1957) and a number average 

molecular weight of 955 determined by vapour pressure osmometry. 
13CNMR analysis of the polymer enabled determination of 

vlnylidene end group structure as 76X of total. This compares 

favourably with typical 1000 SSU viscosity polylsobutenes 
30 commercially available and produced using AICI3 or Al alkyl chloride 

based Initiators rtilch generally contain less than lOX vlnylidene 

unsaturatlon. 

The process of Bxaaple I was repeated using different molar 
ratios of the boron trlfluorlde ethahol complex. The reaction 
35 conditions used and the results achieved are shown In Table I below. 
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The. polymerisation process of Bxaaple I was repeated using (a) 
different ooUr ratios of the boron trlfluorlde ethanol complex but 
having a constant boron trlfluorlde concentration and (b) keeping 
the grade of Che product polymer substantially constant. The 
reaction conditions used and the results achieved are shoim In 
Table 1. 

TABLE 1 



Pal^T Oleflnic End«out> Stn H ^--<'^^'- nF^.BtOH Conposltloa 

15 



20 



25 



30 



35 



40 



BF3.Bt0H Composition 



X BF3 by 
weight 



MoUr Ratio 
BF3:Et0B 



BF3.EtOH 

used 
(88 BF3) 
g mole/ 
tonne 
feedstock 



Isobutene 
Conv* 



Polymer 
Grade 
ssu X 10-2 
at 98.89"C 



X 

Olefinlc 
Endgroup 
CH2*CRR 



t»\ Constant BF-* Cone. 


59.5 


1:1 


52.5 


0.75:1 


49.6 


0.67:1 


47.3 


0.61:1 


46.3 


0.59:1 


41.2 


0.5:1 



(b) At Constan t Polvmer Grade 



59.5 
55.3 
51.6 
51.6 
44.6 



1:1 

0.91:1 
0.74:1 
0.74:1 
0.55:1 



ca 20 



18.5 
20.0 
23.0 
25.0 
33.0 



85 
88 

67 
64 
55 
23 



85 
89 
82 
85 
71 



10 
5 

54 
31 
58 
82 



10 
9 

10 

9 

8 



77 
80 
82 
83 
81 
81 



77 
76 
84 
80 
89 



45 



Contact time 
Beactlon tesverature 



15-20 minutes 
-5'C 
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gganple 3 

A bktch polyiBBrisatlon was carried out as in Example I using 
the conditions showi in Table 2 below. The results are also shown 
in the Table. 



5 

TABLE 2 



Batch Polymerisation using BDR Feadatock and BFg.EtOH Initiator 



10 



15 



Weight 
BDR 
g 


Total BF3.BtOR 

ml g mole/tonne 
feedstock 


Total 
Polymer 
Yield 
g 


Z Light 
Polymer 


Polymer 

Grade 
ssu X icr2 
at 98.89'C 


Z Olefinic 
Endgtottp 
CIl2«CRR 


780 


1.4 20.3 


233.8 


8.6 


26 


71 



Conditions: Temperature ca - 

Reaction Time : 60 minutes 



25 



30 



35 * 
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Example 4 

Using the process of Esanple I the reprodocibiUty of the 
method was tested and conpared with a conmercial aluminiuiii chloride 
catalyst. The conditions used and thi results achieved are shown in 
5 Table 3 below. 

TABLE 3 

Reproducibility of Polvmer Olef inie Endgroun Structure In ca 1000 sau 
10~"^ Viscosity Grades Prepared by use of BFi.EtOH 



15 




X Olef inie Endgroup (l^C NMR Analyses) 




CH2 " CRR 


Me2C - CHR 


20 


Results of ) 
Individual ) 
BF3EtOH ) 
Preparations 


74 
77 
79 
76 
77 
78 


12 
12 
9 
11 
11 
11 


25 


Average value 


77 


11 


30 


Comaerclal 
1000 SSIIxlO-2 
Polymer 


4 


0 



35 



40 



Commercial 1000 SSOxlO^'^ 



Conditions BFs^EtOH 



Polymerisation Temp 
Initiator 
Residence Time 



ca + 25*C 
AICI3 - HCl 
ca 30 mlns 



Polymerisation Temp : -5*C 
Residence Time : 15-20 mlns 

Pressure • 635 mmHg 



45 
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The process of fieaople 1 was repeated using a nixed 
isobtttane/isobutene feedstock. The conditions used and the results 
achieved are shown in Table 4 below. 

TABLE 4 



10 



15 



20 



25 



Polyner Enderoup Structure using iBobutene/Isobatane Feedstock and 
— — * ■ Hg^.EtOH Initiator 



Polyoerisation Coi^tions 


Polymer 
Grade 




Temperature 

•c 


BF3.EtOH 
g/nole 
tonne 
feedstock 


Z Convn. 
Isobutene 


ssu X 10-2 
at 98.89*C 


Z Olefinlc 
Endgroup 
CH2 ■ CBR 


-5 
-8 
-11 


20 

12.5 

12.3 


97 
88 
73 


2 
5 
28 


72 
76 
78 



30 



Feedstock $ 37Z Isobutene in Isobutane 
Reactor Residence Time : 16 mlns 



35 



40 



45 
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The process of Btample I was repeated over varyliig contact 
tines. The conditions used and results achieved are shown In Tahle 
5 below. 

TABLE 5 



10 



Effect »f Besctor JUte< '^'^r.^^ Time upo " ^'^l^r Endirroup Structure - 
' ■ •■ Pilot Scale PalvBerlsatlon 



15 


Reactor Residence Time 
(olns) 


Z Clef Inlc Bndgroup 
CH2 - CRR 




16 


75 


20 


32 


72 




64 


73 



25 



30 



Catalyst : BFseEthanol 
Temperature : -5'C 
Pressure • 635 miflBg 

Th. .b«. r...at. tl»t th. vtoc. U «p.bl. of Rtoduclng 
p.l,«r. «lth . «n-Ml ««".t.el« .f «» " OTX. produce. 1... 
light pol,«r. I- . -.lod" "i*"' 7' 

. Lr. .t.»U o.«ly« c« opor-t. .Udor co»Utloo. than 

used hitherto. 
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Claims: 

U A liquid phase process for the cationic polymerisation of a 
feedstock comprising l-olefins In the presence of boron trlf luorlde 
as catalyst at a temperature between -100 and +50*C characterised In 
that the catalyst Is a preformed complex of boron trlf luorlde and an 
5 alcohol and the contact time of the polymerisation reaction Is at 
least 8 minutes such that at least 70% of the unsaturated linkages 
In the polymer product are In the terminal position. 

2. A process according to claim 1 wherein the hydrocarbon 
feedstock comprising l-oleflns contains 4 to 16 carbon atoms In the 

10 l-*olefln« 

3. A process according to claim 1 or 2 wherein the hydrocarbon 
feedstock Is a butadiene rafflnate. 

h. A process according to any one of the preceding claims wherein 
the hydrocarbon feedstock contains at least 15% by weight of 
15 Isobutene* 

5. A process according to any one of the preceding claims Wherein 
the process Is carried out under pressure when the hydrocarbon feed 
Is gaseous. 

6. A process according to ai^ one of the preceding claims I to 4 
20 wherein the alcohol In the preformed complex catalyst contains from 

1 to 8 carbon atoms* 

?• A process according to claim 6 wherein the alcohol In the 
preformed complex catalyst contains 1 to 4 carbon atoms. 
8» A process according to claim 7 wherein the alcohol In the * 
25 preformed complex catalyst Is ethanol. 
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9. A process according to aay one of the preceding claims trtiereln 
the molar ratio of boron trlfluorlde to the alcohol Is from 0.5:1 t< 
5:1. 

10. A process according to any one of the preceding claims wherein 
5 the eoataet tina is between 8 and 70 nlnutes* 
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